A systematic design method is proposed for simple loworder decentralized controllers in the cascaded form of proportional-integral and first-order blocks. The plant is linear, time-invariant and has two channels, each with a single-input and single-output; there may be any number of poles in the region of stability, but the unstable poles can only occur at the origin.
Introduction
We consider simple, low order decentralized controller design with integral-action for linear, time-invariant (LTI) plants, whose unstable poles can only be at the origin. These plant models are common particularly in process control problems [l, 21. The main result is the completely systematic design procedure for decentralized controllers with integral-action explicitly (Theorem 1). The proposed design method characterizes a class of controllers with one parameter completely free. In each of its two channels, the "nominal controller" has no unstable poles other than at s = 0 to satisfy the integral-action requirement. The stable poles are completely arbitrary. The nominal controller in each of the two channels is in the form of one proportional-integral (PI) block cascaded with first-order blocks (lead or lag controllers). The number of these cascaded blocks depends on the number of integrators in the plant. The nominal controller is low-order, with order independent of the number of stable plant poles. Decentralized controllers wzthout integral-action can be obtained as a specialization of the result leading to stable controllers. The results apply also to discrete-time systems with appropriat,e modifications. Notation: Let U be the extended closed right-half-plane. Real numbers, proper rational functions with real coefficients, proper rational functions with no unstable poles are denoted by IR, R,, S ; M ( S ) denotes matrices with all entries in S ; A The necessary condition rankN(0) = 2, i.e., P has no transmission-zeros at s = 0, implies (N11Nzz - Step 11):
The0re.m 1: Let P E RpZx2, P = D-'N he an LCF as ( l ) , and rankN (0) hjl/s for f j = 0. Each subsequent first-order block is minimum-phase, with a pole at s = -a and a zero at -hji; these may he interpreted as lead or lag controllers depending on cy and hji (since hji are typically small and a can be chosen arbitrarily large, they are all lead,controllers). The order of C1, is q1 = m -11, which does not exceed the number of plant poles a t s = 0 in channel-one; the order of Cz is qz = m + fi, which does not exceed the total number of plant poles a t s = 0 in channel-one and channel-two.
2) The controllers in (3) are biproper for any Q j E S.
If fi = rn < n, Cl in (2) is strictly-proper if and only
4988
if Q1 E S is strictly-proper. Due to the integral-action requirement,, Cj has poles at s = 0 for any Q E S; Cj has no other unstable poles if and only if Q j E S is such that (1 -G j Q j ) is a unit; it is sufficient to take llQjll < ~~G j~~-' .
In the case that fi = m < n, C1 in ( 
The nominal Cj, = X j is stablc, with qI poles at -a.
Conclusions
The proposed design method achieves closed-loop stability and robust asymptotic tracking of step-input references. The nominal controller for each of the two channels has a pole at s = 0 but no other unstable poles. It is designed as a lom-order controller in the form of one PI block cascaded with stable minimumphase first-order blocks. Unlike most standard fullorder observer-based controller designs, the controller order is independent of the number of stable plant poles. This low-order property and the simple explicit definition of the controllers without any computation makes this a very desirable straightforward design procedure. Other tractable extensions of this systematic method include the case of decentralized systems with more than two channels and multiple inputs and outputs in each channel.
